Recent research documents considerable gender gaps in non-cognitive skills among children and adolescents raised in single-parent households. However, determining the source of these gaps is complicated due to the presence of many interrelated and often unobservable inputs. One potential explanation for such gaps is that boys and girls receive different levels of parental time investments.
Introduction
The relatively poor non-cognitive outcomes for boys, especially those raised in single-parent homes, is well-documented [Bertrand and Pan, 2013 , Chetty et al., 2016b , Autor et al., 2016a .
For example, Bertrand and Pan [2013] find that gender gaps in externalizing behavior 1 and school suspensions are substantially larger among children from single-mother households. 2 Understanding the mechanisms generating these gender gaps is important for designing policies or treatments to improve not only boys' non-cognitive skills, but also to potentially improve other related outcomes including cognitive performance [Heckman and Mosso, 2014 , Kristoffersen et al., 2015 , Cunha and Heckman, 2008 , educational attainment [Fortin et al., 2015 , Goldin et al., 2006 , Jacob, 2002 , Becker et al., 2010 , Owens, 2016 , Autor et al., 2016b , labor market outcomes [Deming, 2016 , Heckman et al., 2013 , Autor et al., 2016a , and arrests [Heckman et al., 2013] . For example, Autor et al. [2016a] show that the direction of the employment gender gap depends on household structure at birth. Among children born into married households, males are more likely than females to be employed at age 30, but the opposite is true among individuals born to non-married households.
The apparent effects of household structure on gender gaps in non-cognitive skills and long-run outcomes is striking, but disentangling the underlying mechanisms is complicated by the presence of many interrelated and often unobserved inputs. Parental time investments, defined in this paper as the amount of time that parents spend participating in activities with their children, 3 are potentially important to the development of non-cognitive skills. If parental time investments are important in the production of non-cognitive skills, then differences in time in-1 Externalizing behavior is based on a series of questions about the child's behavior, capturing the frequency with which the child acts out. More specifically, questions ask how frequently the child argues, fights, gets angry, acts impulsively, or disrupts activity. The externalizing behavior measures used by Bertrand and Pan [2013] are based on teacher ratings. 2 Using data from the Early Childhood Longitudinal Survey -Kindergarten, they find that the fifth grade gender gap in externalizing behavior, favoring girls, is nearly twice as large among children from single-mother households [Bertrand and Pan, 2013] . Similarly, they find that the eighth grade gender gap in suspensions is more than twice as large among children from singlemother households. 3 As opposed to time that the parent is present but not participating in any activity with the child, which has been referred to as secondary [Lundberg et al., 2007] or accessible [Yeung et al., 2001] time in some prior research using PSID time diary data. In contrast, Lundberg et al. refer to time parents spend actively participating in activities with the child as direct time.
vestments could help explain gender gaps in non-cognitive skills and related outcomes (for example, non-cognitive skills promote the production of cognitive skills [Cunha and Heckman, 2008 , Del Boca and Mancini, 2013 , Del Boca et al., 2017 , Heckman and Mosso, 2014 ).
In this paper, I study gender gaps in parental time investments as they relate to household structure (e.g., two-parent versus single-mother households), and contribute to the literature by measuring changes in the level of parental time investments around transitions in household composition. The emphasis is on testing the plausibility of the hypothesis that gaps in non-cognitive skills are driven by differential time investments, while abstracting from the possibility that boys and girls may have differential returns to parental time investments. 4 Because fathers tend to spend relatively more time with boys as they age [Baker and Milligan, 2013, Lundberg et al., 2007] , and single-parent households are more often headed by the mother, growing up in a single-parent household could be more detrimental for boys in terms of time investments. 5 Using the Panel Study of Income Dynamics (PSID) [2014] and the accompanying Child Development Supplement (CDS), I obtain direct measures of parental time investments and use within-child variation to estimate differential changes in investments by gender around changes in household composition. While investments are lower for both boys and girls in single-mother homes relative to two-parent households, the reduction is more substantial for boys. I find the largest differences in paternal weekday investments, for which boys lose 24 minutes per day more than girls lose, which is about 35 percent of the average paternal weekday investment during the first CDS survey. I also find that boys suffer greater time investment losses than girls through paternal weekend investments, but the magnitude is more sensitive to specification. Combining the weekday and weekend data, I estimate that paternal investments decline by 2.3 hours more per week for boys in single-mother homes than for girls in single-mother homes, which is over 20 percent of the average weekly paternal investment during the first wave of the CDS. The investment 4 Depending on how returns to parental time investments differ between boys and girls, differential returns could either compound or mitigate the effects of differential inputs on outcomes. However, this question is not directly addressed here. Rather, the focus is on testing whether investment levels differ across household types. 5 Dahl and Moretti [2008] provide more general evidence of parental bias in favor of boys, showing that household structure is related to the sex of the first born child, and that fathers are more likely to obtain custody of sons following a separation. gap is larger during adolescence, during which boys in single-mother homes lose over 3.3 hours per week more than girls. Estimating the gaps by activity type reveals that boys experience relatively large decreases in investments through leisure activities, 6 which account for more of the gap than any other activity type. Furthermore, there is little to no evidence that mothers compensate for the additional loss by increasing investments to boys relative to girls. 7 These findings support the hypothesis that time investments are a plausible mechanism to help explain the sensitivity of the magnitude of gender gaps in non-cognitive outcomes to household structure.
One advantage of the approach used in this paper is that, by focusing on children who underwent changes in household structure, the findings do not rely on cross-sectional comparisons of investments across individuals. Rather, the findings are based on comparisons of within-child changes in investments. 8 Another advantage of this approach is the use of a direct measure of parental time investments, calculated from twenty-four hour time diaries collected as part of the Child Development Supplement to the PSID. While it is important to recognize that no single input measure can capture all relevant aspects of such a complex production process, the use of a direct measure of parental investments allows for transparency and clear interpretation of the results.
To better understand the source of the non-cognitive gender gaps, prior research attempts to quantify how much of the gap is due to differential inputs and how much is due to differential returns to inputs. Some prior studies find more support for differential returns to inputs. For example, Bertrand and Pan [2013] find no systematic differences in the home environment or investment measures 9 that explain the sensitivity of male outcomes to family structure and parental inputs. 10 6 Using cross-sectional CDS data, Lundberg et al. [2007] also find more pronounced preferences of fathers to spend time with sons in active and passive leisure. 7 This finding supports a cross-sectional finding from Lundberg et al. [2007] that mothers do not compensate for the loss in investments when the father is not present. 8 See Lundberg et al. [2007] and Yeung et al. [2001] for examples of research considering cross-sectional difference in time investments using PSID and CDS data. 9 Bertrand and Pan [2013] use data from the Early Childhood Longitudinal Study -Kindergarten Cohort. They use input measures such as the HOME index, Warmth index, and whether the child was spanked last week, all of which are correlated with household structure. The HOME index is based on parent responses to six questions about the activities that the child participates in and activities the parent participates in with the child. All of the questions were asked during the child's kindergarten year. The Warmth index, also referred to as emotional supportiveness, is based on parent responses to a series of statements about their child, e.g. child and I often have warm, close times together and being a parent is harder than I thought it would be. Responses were given in the Spring of the child's kindergarten year. See Bertrand and Pan, 2013 for more details. 10 Likewise, Bertrand and Pan [2013] also do not find systematic differences in the gender differ-
The authors conclude that, although inputs are lower for both boys and girls in single-mother relative to two-parent households, the behavior of boys is much more responsive to these inputs. This leads to a larger gender gap among those in single-mother homes and supports the hypothesis that gender gaps in non-cognitive skills are driven by differential returns to inputs. 11 While investment levels and differential returns to investments both likely play a role in generating gender gaps in non-cognitive skills, separating the importance of returns and levels of each input is complicated by the fact that many inputs are correlated with household structure. The measured returns to one input can be conflated with the levels of and/or returns to omitted inputs [Autor et al., 2016a] . 12
The main finding of this paper, that the relationship between household structure and parental time investments differs by gender, adds to the literature on the relative contributions of differential inputs and differential returns to inputs to the gender gaps in non-cognitive skills by providing evidence that differential inputs may play a role in determining the size of the gender gaps.
Investigating whether investment levels depend on household structure differentially for boys and girls also adds to the evidence on the role of childhood environment, as opposed to pre-natal differences, in explaining the gender gap. More generally, the post-natal environment, including neighborhood and school quality, appears to play a role in the production of non-cognitive skills [Autor et al., 2016a , Autor et al., 2016b , Chetty et al., 2016a , Chetty and Hendren, 2016 , Chetty et al., 2016b . Autor et al. [2016a] compare a fetal origins explanation with a post-natal environment explanation for the changes across the SES distribution in within-family gender gaps in long-run outcomes. They find that changes in within-family gender gaps are unrelated to pre-natal differences, suggesting that the post-natal environment is critical in explaining the changing gender gap across the SES gradient and household structures. This finding is supported by the particular sensitivity of boys to neighborhood characteristics [Chetty and Hendren, 2016] . However, gender gaps remain even after accounting for differences in school and neighborhood quality, 13 suggesting entials by characteristics of kindergarten class environment. 11 Other research shows that more educated and higher income parents invest more time into their children [Guryan et al., 2008] . Unless this varies differentially by gender, it could not on its own explain the difference in gender gaps across the hh/ses distribution found in Autor et al. [2016a] . 12 Autor et al. [2016a] make a similar point about parental investments varying differentially between boys and girls. This paper tests whether this is true for parental time investments. 13 Autor et al. [2016a] find that neighborhood and school quality can explain at most one-third of the sibling gender gap. that other mechanisms are at play. Because non-cognitive skills continue to develop at later stages in child development (i.e. adolescence) [Heckman and Mosso, 2014] , the importance of time investments in shaping non-cognitive skills and related outcomes is plausible even for individuals experiencing investment losses during adolescence.
After documenting the gender gaps in the levels of parental investments, I employ the same methods based on individual fixed effects to measure changes in externalizing, internalizing, and positive behavior 14 around changes in household composition. Counterintuitively, boys display better externalizing and positive behavior in single-mother homes relative to girls, which suggests a more puzzling relationship between time investments, household structure, and child behavior.
However, these findings are based on parental ratings, which is a limitation of the CDS data.
One concern with parent-based behavioral ratings is that parental perception of child behavior could change differentially for boys and girls around changes in household structure, even if actual behavior does not.
A description of the PSID and CDS data is provided in Section 2. Section 3 discusses the estimation procedure, which is based on individual fixed effects. Section 4 outlines results on the relationship between household composition and the gender gap in time investments, and a brief discussion of the changes in behavioral measures around changes in household composition.
Section 5 concludes and discusses the implications of the main findings.
Data
The CDS is a survey that was administered to children of PSID families in three waves (1997, 2002/2003, and 2007) , and includes time diaries, and surveys of the children and their parents. The most critical component of the CDS for the purpose of this paper is the collection of twenty-four hour time diaries that catalog the activities of each child for one weekday and one weekend day.
The diary data are at the activity level and include information on the duration and participants for 14 These are three behavioral measures included in the CDS data. Externalizing behavior is discussed more in footnote 1. Internalizing behavior is based on a series of questions about the child's frequency of exhibiting some inwardly negative behavior. Positive behavior is based on a series of questions that ask how "like" the child it is to exhibit some positive behavior. Ratings are based on responses of the child's primary caregiver. each activity. I use the time diaries to construct measures of parental investments by summing time that each parent spent participating in activities with the child in each diary. 15 Every child in the CDS was assigned one randomly selected weekend day and weekday to record their activities. The first wave of the CDS includes children under age 13, and they are eligible for the CDS until they turn 18. 16 About 2,900 participants completed at least one time diary for CDS-I. More than 2,500 and 1,400 completed at least one diary for CDS-II and CDS-III, respectively. These add up to a total of 6,915 child-year observations. A total of 3,330 children completed at least one time diary in any period, and 1,086 completed at least one in all three waves. More than 1,400 completed at least one diary for exactly two of the waves.
There are two features of the data that are critical for the following analysis. The first is the presence of the time diaries used to calculate parental investments. Investments are calculated by summing time spent participating in activities with mother/father 17 across activity-level data for each child. This is done separately for each weekend and weekday diary. In addition, I construct weekly investment measures to help summarize total investments by summing the weekday investment multiplied by five with the weekend investment multiplied by two. Second, I use information from the CDS surveys 18 to construct household composition indicators for each childwave observation, including presence of the child's biological/adoptive mother and father. I focus on comparing time investments for children in two-parent and single-mother households.
Figures 1 through 4 display cross-sectional differences in investments across gender and household type from wave I of the CDS. Figure 1 graphs local polynomials of investments by age, for boys and girls who were in two-parent or single-mother households during the first wave. 15 In the time diary data, there are two indicators that describe participation and presence of each parent for every activity. One of them is an indicator for whether the parent was participating in the activity with the child. The other tells whether the parent was present, but not participating. I use the indicator for whether the parent was participating in the activity to construct the time investment measures. 16 The age limits refer to the child's age during an initial screening. There are a small number of cases for which the child's age was outside of these limits at the point that the time diary data was recorded. 17 The investment measures only include time with biological/adoptive parents. Similarly, when referring to parental presence in the household, I am referring to biological/adoptive parents only. For example, a child who lives in the same household as their biological/adoptive mother and a step-father is considered to be living in a single-mother household for the purposes of this study. 18 The household structure variables are constructed from the Primary Caregiver Child File, which is part of the CDS.
Weekday time spent with mothers decreases dramatically with age for all gender and household type combinations. The average investments across these groups are within about thirty minutes of each other at every age in Figure 1 . However, at ages where investments differ, it is generally true that mothers invest more time in daughters than sons, and that mothers in two-parent households spend more time participating in activities with their children. Figure 2 displays the analogous estimates for maternal weekend investments by age. The overall levels of the investments are higher on weekend days, and investment gaps between genders and household types are also more pronounced. For example, in Figure 1 the patterns for weekday maternal investments to girls are almost identical for those in two-parent and single-mother households, but in Figure 2 single-mother's weekend investments to girls are lower at every age than their two-parent household counterparts. The gap is roughly between thirty and sixty minutes at every age, which is a significant gap relative to that in Figure 1 where the lines are almost indistinguishable at some ages. Similarly, there is a persistent gap between household types for maternal investments to boys across all ages, with boys in two-parent households receiving larger investments. Furthermore, the gender gap in mother's weekend investments appears to widen with age, with mothers spending more time participating in activities with girls than with boys. Both Figures 1 and 2 demonstrate the importance of the child's age when considering time investments, as investments decrease sharply with age. For example, mothers invest between 6 and 6-1/2 hours on weekend days to their infant and toddler daughters, but that number is roughly 4 hours for 12 and 13 year olds.
Figures 3 and 4 graph paternal investments from the weekday and weekend diaries, respectively. Fathers generally invest less time than mothers do across all household types and genders, but the decrease in investments with age is less drastic, especially for boys. In fact, Figure 3 shows that weekday paternal investments are similarly low for both boys and girls in single-mother households across all ages. A slight increase in paternal weekend investments to boys in single-mother homes, shown in Figure 4 , leads to a small gap that appears to increase with age. The increasing gender gap in weekend paternal investments is more apparent in two-parent homes. From Figure   4 , both boys and girls in two-parent homes receive more than 4 hours in weekend paternal investments up until about age 5, but a steady decline in weekend paternal investments for girls in two-parent homes leads to that number dropping below 3 hours around age 12. However, weekend paternal investments for boys in two-parent homes remain steady at around 4 hours for all ages represented in the graph.
One implication of these investment patterns, particularly for boys in two-parent households, is that the proportion of total investments that come from fathers is increasing with age. This is shown more directly in Figures 5 and 6 , which graph the proportion of the total parental investments 19 that come from each parent for those in two-parent households in the first wave for boys and girls, respectively. The proportions are roughly the same for infant and toddler boys and girls, with each receiving almost 70 percent of total parental investments from their mother. The proportions change quite differently for boys and girls as they age. For girls, maternal investments remain relatively high, never dropping below about 65 percent of total parental investments. However, maternal investments dip below 55 percent of total parental investments by about age 12 for boys. Another implication of the gender differences in the investments-age relationship is that one might expect the differential effect of household composition on parental time investments to differ by age. The increasing relative importance of paternal investments for boys, apparent in Figures 4 and 5, suggests that the potential for investment losses, relative to girls, increases with age.
Two important points of Figures 1 -6 are that investments generally decline with age and that the relationship between investments and age differs by gender. These patterns could reflect the way parents spread their time with multiple children (Price, 2008) and the apparent preference of fathers to spend relatively more time with their sons (Baker and Milligan, 2013) . In most cases, across all age groups and household structures, mothers spend a little more total time with girls, and fathers spend a little more with boys, on average. The figures demonstrate how important age is when evaluating time investments and suggests that using flexible controls for age is necessary in the analysis that follows. Table 1 summarizes the time investment variables and covariates by gender and household type. In particular, I separate out the individuals who underwent a change in household structure, 19 Total investments, Total i , were calculated by weighting the weekday, W D i , and weekend, W E i , investments to construct a weekly investment, such that Total i = 5 · W D i + 2 · W E i . The weekly measure of time spent with each parent divided by the total weekly measure is the proportion of total parental investment from that parent. The two values add to one by construction. because they are critical for estimation. Columns 3 and 4 display average characteristics for boys who underwent a change at some point. Column 3 includes boys who lived with both parents in the first period, meaning that the change in structure for them is going from living with both parents to living with less than both parents. On the other hand, column 4 includes individuals who underwent changes, but did not have both parents in the household in the first period. Columns 7 and 8 display the averages for girls who underwent a change in household composition at some point.
The first row summarizes total weekly maternal investments, which was constructed by summing weekday investments (row 2) multiplied by five with weekend investments (row 3) multiplied by two. Girls receive larger maternal investments than boys across all household types. Girls who were always in two-parent households received about 26.6 hours in maternal investments per week, relative to 24.8 hours per week for boys. The gap in maternal investments for children in two-parent households that eventually split, comparing column 6 with column 2, is about 3 hours per week, with girls receiving more investments. Both boys and girls in households that eventually split received larger maternal investments than those who were always in a two-parent household.
From column 3, boys in families that eventually split received 25.5 hours per week on average, and those in households that never split received 24.8 hours per week. Similarly, girls in twoparent households that eventually had a change in composition received 27.4 hours per week in maternal investments, but those in two-parent households that never split received 26.6 hours per
week. These comparisons may be misleading, because the household structure categories are also correlated with age. For example, girls in two-parent households that never experience a change are just under 7 years old on average, but the average age of girls in two-parent households that eventually split is under 5 years. The difference is similar for boys. This, along with Figures 1 -4, demonstrates why it is important to control flexibly for age when estimating gender gaps in the relationship between investments and household structure. Not only is age correlated with investments differentially by gender, it is also correlated with household structure. With that in mind, it is similarly true that boys in two-parent households that eventually split received more paternal investments than those who were always in two-parent households, 16.7 and 16.3 hours per week, respectively. However, the opposite is true for girls, with girls who were always in a two-parent household receiving nearly 2 hours more per week in paternal investments, despite being roughly 2 years older on average. From column 3, boys who experience a change in household composition but are in a twoparent household during wave I are about 2 years younger than boys who do not experience a change and are in a two-parent household at wave I, 4.6 years old and 6.5 years old, respectively.
Boys in two-parent households who eventually see a change in household composition also have a little over one sibling in the household on average, whereas those in two-parent households who experience no change have about 1.3 siblings in the household. The differences are similar for girls. Girls who experience a change in household structure, but lived with both parents in the first period were 4.9 years old on average and had 1.1 siblings in the household at wave I, and those who are in a two-parent household and don't experience a change were about 6.8 years old with almost 1.3 siblings in the household. The racial composition of boys and girls in two-parent households that eventually split are also similar. In both cases, there are roughly equal percentages of black and white individuals in the subsamples, and the percentage of Hispanic individuals is relatively small. Lastly, the percentage of children in two-parent households in which their parents are married is about 86 percent for girls and nearly 90 percent for boys.
Estimation
The main contribution of this paper is the estimation of the gender gaps in time investments in single-mother households. To estimate the gender gaps, I use individual fixed effects regressions, including interactions between a dummy for being in a single-mother household with male and female dummy variables. The gender gap is the difference in the coefficients on the male and female interactions.
The left hand side variable in equation (1), T it , represents some measure of parental time investments that child i received in wave t. For most specifications the investment measures are the amount of time that child i spent participating in activities with his or her mother/father from the weekday/weekend twenty-four hour time diary, measured in hours. In the main specification, I report estimates for the weekday and weekend investments, as well as a total weekly investment constructed as a weighted sum of the weekday and weekend investments. I construct the total investment by summing the weekday investment multiplied by five with the weekend investment multiplied by two. For ease of reporting and because using the weekly measure better reflects the effects on total investments, I focus on reporting estimates for total investments in alternate specifications that use the hours measure. I also include estimates based on equation (1) that replace the hours measures with a dummy variable indicating whether the child had any positive investment from his or her mother/father. In that specification, the outcome of interest is equal to one when the time investment is greater than zero for the given time diary. 20
The independent variables of interest are the interaction terms, where M i and F i represent male and female dummy variables, and MO it represents a dummy variable indicating whether child i was in a single-mother household at wave t. There are two other types of household structures to consider. Living in the same household as both parents is the omitted category, and Other it indicates whether child i was in some other household type during wave t. The third category,
Other it , is constructed to make the categories mutually exclusive and comprehensive. 21 20 For the weekday/weekend estimates, T it = 1 when the weekday/weekend maternal/paternal time investment is greater than zero, and T it = 0 otherwise. For the total investment regressions, T it = 1 when either the weekday or the weekend maternal/paternal investment is positive. 21 Other it = 1 if the child was in a single-father household, or in a household with neither parent. This makes the estimated coefficient difficult to interpret but these household structures are not the focus of this study. 22 Estimates that also condition on the day of the week that the diary references are included in Tables A.1 and A.2 of the appendix. Results are not sensitive to this specification. 23 In an alternate specification, I include a set of age dummy variables interacted with gender.
time-constant characteristics are indicated by c i , and e it indicates a period specific error term.
I estimate equation (1) using individual level fixed effects, so thatb M is a fixed effects estimator of investments that boys receive in single-mother households relative to those in twoparent households. Similarly,b F is an estimator for investments that girls receive in singlemother households. The parameter of interest is the difference between the two investment levels,
Whenb Di f f < 0, that suggests that boys receive relatively low levels of investments in single-mother households, andb Di f f > 0 suggests that boys in single-mother households are relatively well off in terms of time investments.
Because I estimate b Di f f using fixed effects, it is necessary to view some boys and some girls in a single-mother household during one wave and in a two-parent household in another. The procedure explained above does not restrict the direction of the change in household structure.
Those who transition from a single-mother to two-parent household contribute to the estimates in the same way as those who go from a two-parent to a single-mother household. However, we might expect these two groups to be different. Omitted characteristics and behavior can directly influence transitions, as well as the level of time investments. The ages at which the child is in each household structure is also related to the direction of the transition. If the size of the gender gap differs with age, it could lead to estimating different gaps depending on the direction of the transition. I report separate estimates for the sample of those who lived with both parents in the first period and for those who did not to examine this possible heterogeneity. In addition, I examine investment gap heterogeneity by age and race, and decompose the gaps into specific activities to determine which are the main contributors to the differential investment losses.
Lastly, I investigate differential changes in parental ratings of non-cognitive behavior around the changes in household composition. Learning more about how parental time investments factor into the generation of non-cognitive skills is a primary concern. I examine differential changes by gender in externalizing behavior, internalizing behavior, and positive behavior 24 around changes in
The results are robust to this specification. 24 Each of the three ratings is based on a series of questions asked to the child's primary caregiver. Externalizing and internalizing behavior questions ask how frequently the child exhibits some externalizing (i.e. acting out) or internalizing (i.e. inward negative) behavior and have three possible answers: not true, sometimes true, or often true. The data are coded so that higher scores mean that the child exhibits more problematic behavior. The positive behavior questions ask how like household structure. To do this, I estimate equation (1) 
Results
Before presenting the estimated gender gaps from the fixed effects regressions, I will briefly discuss OLS estimates of equation (1). Table 2 shows estimates of the male and female interaction terms, as well as the estimated difference between the male and female interaction terms, for maternal and paternal total, weekday, and weekend investments. Estimates in Table 2 are conditional on a set of covariates, including male and female interactions with age and age-squared. The estimated coefficient on the male interaction with single-mother household in the equation for total maternal investments from column 1, suggests that boys in single-mother households receive 1.24 hours per week more from their mothers, relative to children in two-parent households. Subtracting the coefficient on the female and single-mother household interaction gives the estimated gender difference in investments. Again from column 1, the estimated gender gap is 0.1 hours per week, suggesting that boys are relatively well off in terms of maternal investments. We can decompose the total difference by looking at the weekday and weekend gaps. From column 2, the estimated gap is -0.049, meaning that boys in single-mother households received roughly 3 fewer minutes in weekday investments than girls. On the other hand, from column 3, boys in single-mother households received roughly eleven minutes more per weekend day than girls. In this case, the weekend gap outweighs the weekday gap, and the estimated total difference is positive. The estimates for paternal investments are shown in columns 4 through 6. In column 4 we see that boys in single-mother homes have relatively large decreases in investments, compared to girls, estimated at -7.5 and -6.5 the child certain behaviors/characteristics are (e.g. cheerful, not impulsive), and are answered on a one to five scale, where one means the behavior/characteristic is not at all like the child and five means it is totally like the child. A higher score on the positive behavior rating means that the child displays less problematic behavior. hours per week, respectively, leading to an estimated gender gap of about one hour per week. The concern with using OLS to estimate the gender gap is that it relies heavily on cross-sectional variation, but both family structure and gender are likely correlated with unobservable determinants of time investments. The fixed effects estimator is preferable because it restricts the comparison to changes in investments within individuals who underwent a change in household structure with changes in investments for children who remain in two-parent households. The remainder of the reported estimates of equation (1) are fixed effects estimates. Table 3 reports fixed effects estimates of the gender gap in time investments based on equation (1) for maternal/paternal total, weekday, and weekend investments. The specification reported in panel A does not include any control variables, and the specification in panel B includes the full set of controls. Column 4 of panel A shows estimates for total weekly paternal investments without controls. The estimated gap in paternal investments is -1.92, meaning that paternal investments drop by nearly 2 hours more per week for boys in single-mother homes than they do for girls. After adding controls, while the estimated coefficients on the gender/single-mother interactions change, the estimated total gap in paternal investments remains similar. For example, the estimated coefficient on the male interaction with single-mother household goes from -10.3 without controls to -7.3 after adding controls. Similarly, the estimated coefficient on the female interaction goes from -8.4 without controls to -4.9 with controls. In both cases, the estimates suggest that paternal investments drop for boys and girls after going to single-mother households, but the decrease is relatively large for boys. From panel B, the estimated gender difference in total weekly paternal investments is -2.36, which is similar to the estimate from panel A, suggesting that paternal investments drop by nearly 2-1/2 hours more per week for boys in single-mother homes than they do for girls. That estimate is both economically significant, as the estimated gap is more than 20 percent of average paternal investments across gender and household types during wave I, and statistically important with a standard error of 1.08. The gender difference is strongest through weekday investments, for which the estimated gap, from column 5 of panel B, is -0.4 with a standard error of 0.15. That equates to roughly 24 minutes per weekday and is about 35 percent of average paternal weekday investments during wave I. To put the size of that estimate in perspective, consider Figure 3 again, which graphs paternal weekday investments during the first wave of the CDS. Average paternal investments to boys and girls in two-parent households generally lie between 1 and 2 hours, depending on age. There is a slight downward trend, and the line drops below 1-1/2 hours by about age 7 for both boys and girls. The estimated difference of 24 minutes represents about twenty percent of the average paternal weekday investment in two-parent households at the lower end and 40 percent at the higher end. Although the weekday gap drives about 80 percent of the estimated total weekly gap, the gap in paternal weekend investments is also negative, -0.22 hours, but only drives about 20 percent of the gap because of it's smaller magnitude and lower weight in the makeup of the total weekly investment measure.
The difference between the OLS and fixed effects estimates for total paternal time can be explained by examining how each individual contributes to each estimator. In the OLS estimator, those who transition from two-parent to single-parent households, or vice versa, are in the omitted group (two-parent household) in one period and in a different group in another. With the fixed effects estimator, they are never in the omitted category. Girls who eventually go through a twoparent to single-mother transition have a lower baseline input than boys who make the same transition, because paternal investments to girls in two-parent households decrease as they get older.
Since paternal investments are very low for both genders when their father is not in the household, the within-child drop in paternal investments after going from a two-parent to single-mother household is relatively large for boys. From column 3 of Table 1 , boys in two-parent households that eventually split are age 4.6 and get 16.7 hours in weekly paternal investments. On the other hand, girls in the same household structure, from column 7, are of a similar age, 4.9 years old, but receive a much smaller paternal investment, 13.2 hours per week. When the average paternal investment decreases drastically to near zero for both genders after the transition to a single-mother household, there is more room for a decrease in paternal investments for boys. Another way to see this is to compare average investments for boys in two-parent households that never split with those who eventually split, 16.3 and 16.7, respectively, which are quite similar, despite the age difference in the two groups. On the other hand, girls who are always in a two-parent household receive about 15 hours per week in paternal investments, but those in a two-parent household that eventually splits only receive about 13.2. Finally, consider the similarity in the estimated change for boys,b M , -7.5 hours when estimated by OLS and -7.3 when estimated by fixed effects. The difference between the fixed effects and OLS estimates ofb Di f f is through a difference in the estimates on the coefficient for girls,b F , which are -6.5 and -4.9 when estimated by OLS and fixed effects, respectively.
While the boy-girl differences in paternal investments are both economically and statistically important, it is possible that single-mothers compensate for the extra losses by increasing their investments to boys relative to girls. Columns 1 -3 of Table 3 show the estimated differences in total, weekday, and weekend maternal investments. From columns 2 and 3 of panel A, estimated weekday and weekend maternal investments are smaller for boys and girls in single-mother households. However, both weekday and weekend maternal investments are relatively low for boys, leading to estimated gaps of -0.19 for weekdays and -0.03 for weekends. From column 1 of panel A, the estimated total weekly gender difference in maternal investments is -1.4, meaning that boys suffer larger investment losses than girls of almost 1-1/2 hours per week. Adding the full set of control variables changes the estimated coefficients on the interaction terms, but does not lead to significant changes in the estimated gaps. Column 2 of panel B shows that the estimated gender gap in maternal weekday investments grows slightly in magnitude to -0.207. From column 3 of panel B, the estimated gap in weekend investments is now -0.003. The total gap in maternal investments, from column 1 of panel B, is about -1.1, meaning that boys in single-mother homes receive fewer maternal investments than girls in single-mother homes, and the magnitude is similar to the estimated -1.4 hours per week from panel A. The negative estimate on the gap in total maternal investments suggests that mothers do not compensate, but instead decrease their investments to boys relative to girls. However, the standard error for the estimated difference is relatively large, 1.6, so we should not draw any strong conclusions based on that difference. Table 3 does not restrict the direction of the household transition, including children who go from a two-parent household to a different household type, as well as those who go from not living in a two-parent household to living with both parents. However, these two types of transitions and families could be quite different from each other. One reason that we might expect heterogeneity based on the direction of the transition is that the age that the child is in each household structure is correlated with the direction of the transition. Differential gaps by age could lead to different estimates when splitting the sample by the direction of the transition. Table   4 shows separate estimates by initial household structure. Columns 1 and 2 show estimates for total weekly investments for families that were intact in the first wave, and columns 3 and 4 show estimates for children with less than two parents in the household in the first period. From column 2, the estimated gender difference in total paternal investments for those who were in a two-parent household in the first wave is -4.2 hours per week with a standard error of 1.54. Restricting to the subsample of individuals who were in two-parent households in wave one increases the magnitude of the estimated gap in paternal investments by almost 80 percent. However, the estimated gap in maternal investments becomes positive, 0.688, after restricting to those in two-parent households in the first wave. The positive sign on total maternal investments suggests that mothers might compensate for the extra losses that boys suffer in paternal investments, but the estimate is noisy, and much smaller in magnitude than the loss in paternal investments. If we take these estimates at face value, then boys lose an additional 4.2 hours per week in paternal investments, about 70 percent of wave one average paternal investments, and mothers partially compensate for the loss with an additional 40 minutes per week. While the increase partially offsets the loss, about 17 percent of it, boys still suffer substantially larger investment losses from transitioning to a singlemother home. Table 4 display estimates when restricting to the subsample of individuals who were not in a two-parent home in the first wave. There are fewer movers in this direction and the standard errors are relatively large, but the estimates suggest that the direction of the move likely matters. For example, the estimated gap in maternal investments in the subsample who were not in two-parent homes in wave one is -3.5 hours per week. This estimate is of the opposite sign from the subsample of children who were in two-parent homes in the first wave, and relatively large in magnitude. In other words, this subsample is driving the negative estimates on total maternal investments in the full sample. The estimated gap in paternal investments is still negative, -.18, but much smaller in magnitude. Although there appears to be some heterogeneity based on the direction of the transition, the estimates in the sample of children not in two-parent households in the first wave are based on a relatively small number of transitions and the differences are not statistically significant.
The analysis in

Columns 3 and 4 of
In addition to estimating differences in parental time investments, I include supplemental estimates on the probability of having a positive investment. In this specification, I replace the number of hours spent with the mother/father with a dummy variable for having any investment, and estimate the differences using linear fixed effects regressions. From column 1 of Table 5 , the estimated change in the probability of receiving a nonzero maternal investment after transitioning to a single-mother household is 0.040 for boys, and 0.068 for girls, leading to an estimated gender gap of -0.028 in favor of girls. In other words, after the transition, girls see a relatively large bump in their probability of having any investment from their mothers. However, the estimate is noisy with a standard error of 0.033. Interestingly, the sign on the weekday and weekend maternal investments estimates are different, with the estimated gap in receiving any weekday investment favoring girls, and the estimated gap in weekend investments favoring boys. For paternal investments, the estimated gap in the probability of receiving any weekday investment is -0.08, meaning that boys receive about an 8 percentage point more drastic change in the probability of receiving a positive paternal investment on weekdays. The analogous weekend estimate is -0.047. However, the estimated gap in the total weekly probability is much smaller in absolute value than both the weekday and weekend estimates, only -0.01. That suggests that, although boys see a relatively large decrease in the probability of receiving an investment on any given day, the change in their probability of receiving an investment at some point throughout the week is similar.
Splitting the sample by initial household composition reveals heterogeneity in the gender gaps of the probability of receiving a positive paternal investment. From Panel A of Table 6 , those who lived with both parents in the first wave see a relatively large decrease in the probability of receiving a positive paternal investment throughout the week, with an estimated difference of -0.065. The estimated gap when looking at weekday or weekend investments only is -0.11 in both cases, suggesting that on any given weekday or weekend day boys have an 11 percentage point larger decrease in the probability of receiving a positive paternal investment. On the other hand, the estimated gender gaps in paternal investments are positive for total, weekday, and weekend investments for the subsample that lived with less than both parents in wave I, meaning that boys in single-mother households were relatively well off by this measure. However, the estimates are noisy in that subsample with an estimated gap for the week as a whole of 0.094 and a standard error of 0.089.
Heterogeneity in Gender Gaps
Next, I consider heterogeneity in investment gender gaps by age and race. Because of the strong correlation between investments and age, and differential age trends by gender and household structure, one might expect that the boy-girl investment gap in single-mother households depends on the age of the child. For example, Figures 5 and 6 show how the proportion of total parental investments that come from the father increases with age for boys in two-parents households, which suggests that paternal investments become increasingly important for boys as they get older.
Figures 3 and 4 provide insight to that trend by showing that gaps arise in boy and girl investments
with age, with fathers spending relatively more time with boys. Furthermore, the steep decline in maternal investments from Figures 1 and 2 means that paternal investments become increasingly important in the makeup of total investments for boys, but less so for girls. To compare the gender gaps across ages, I group the individuals into four age bins (0 -5, 6 -10, 11 -15, and 16 and over) and estimate the gap for each bin. Panel A of Table 7 shows the estimates for total maternal investments by age bin. The smallest gap, -0.6 hours per week, is in the 6 -10 year old bin. From there, the gap size increases to about -1 hour per week in the 11 -15 year old bin, and then to -2.2 hours per week in the 16 and over bin. There is some suggestive evidence that relative losses for boys increase as they get older, but the estimates are noisy, all with standard errors of 1.8 or higher. Table 7 shows estimates for paternal investments by age bin. A clear pattern emerges in the paternal investment gaps, with boys suffering greater investment losses with age.
Panel B of
The smallest estimate is -0.4 hours per week for ages 0 -5, but they increase in magnitude with each age bin. The rest of the estimated gaps are -1.8 hours per week for 6 -10 year olds, -3.3 for 11 -15 year olds, and -3.6 for the 16 and over age group with p-values of 0.12, 0.006 and 0.02, respectively. The pattern in these estimated differences supports the idea that paternal investments become increasingly important for boys as they get older, leading to relatively large investment losses during adolescence. I also estimate differential gaps by race, focusing on the white and black subsamples, as those two races make up more than 90 percent of the sample of children who made a transition from a two-parent to less than two-parent household. From Table 8 , the estimated gender gap in total maternal investments for white children in single-mother households is -3.1 hours per week with a standard error of 2.5. The estimated differences for black children in single-mother households is -1.4 hours per week with a standard error of about 2.3. Both of the point estimates are larger in magnitude than the overall estimate, but the estimates are noisy and not statistically different from zero at any standard significance level. The estimated difference in paternal investments for white children in single-mother households is about -4 hours per week, and is strongly statistically significant with a standard error of 1.6. That estimate is similar in magnitude to the overall estimated gap for the subsample of children who were in two-parent households in the first wave. The estimate for the black subsample is about half the size, -2 hours per week, which is similar to the estimated gap across the full sample, and is less statistically significant, with a standard error of 1.4. While all four of the estimated gaps are negative, the differences provide some evidence that the extra losses suffered by boys who are white are larger in terms of both maternal and paternal investments. Parental investments are also larger on average across the sample of white children, which could drive part of the difference. For example, the average weekly maternal investment for white children in two-parent households is about 3 hours more per week than that for black children in two-parent households (21.5 hours per week to 18.2 hours per week), and the difference in weekly paternal investments is similar (14.5 hours per week to 10.9 hours per week).
Composition of the Investment Gaps
Using descriptions of the time diary activities, I estimate the gender gaps by activity type to determine which activities are the most important contributors to the overall differences. Table 9 dis-plays fixed effects estimates of equation (1) by activity category. 25 Column 1 provides estimates on total maternal investments. Estimated gaps in maternal investments are positive on passive leisure (0.22 hours per week), e.g. watching television, tending to needs (0.1 hours per week), and childcare (0.18 hours per week), meaning that mothers increase time with boys relative to girls in those activities after transitioning to a single-mother household. On the other hand, maternal investments of active leisure decrease substantially more for boys in single-mother households. The estimate of -0.85 hours per week in active leisure is the largest in magnitude of any activity. Boys also experience relatively large reductions in paternal investments in leisure, -0.72 and -0.75 hours per week in passive and active leisure, respectively. In general, boys see a much larger drop-off in leisure activity with their parents than girls do after transitioning to a single-mother household. The rest of the estimates for paternal investments displayed in Table 9 are also negative, but generally of a smaller magnitude than the estimates for leisure activity. The next two largest are the differences in tending to needs, -0.48 hours per week, and entertainment, -0.21 hours per week.
Household Structure and Child Behavior
One reason for analyzing gender gaps in the relationship between household structure and parental investments is to assess the possibility that changes in investment levels contribute to non-cognitive skill formation, explaining some of the differences we see in outcomes between boys and girls, e.g. behavior and educational attainment. If the documented gaps in time investment losses from transitioning to single-mother households contribute to contemporaneous behavioral issues, then we might expect to see changes in behavior that match the differential investment losses. In other words, if the additional investment decreases that boys suffer is bad for their behavior, then we would expect that to show up in measures of their behavior. I estimate the gender differential changes in behavior from transitioning to single-mother households by replacing the outcome variables in equation (1), parental time investments, with measures of child behavior. One major weakness of this exercise is that the behavioral measures, taken from the CDS, are parent-reported. This is problematic because parental perceptions of their child's behavior could change differentially by gender around household structure transitions. Nonetheless, I show results from the analysis to demonstrate the concept. Table 10 shows results from fixed effects estimation of equation (1), replacing the parental investment outcomes with three parent-rated behavior measures: externalizing behavior, internalizing behavior, and positive behavior. Each of the ratings are the result of a sequence of questions that the parent answers about the child. 26 Each of the questions related to externalizing/internalizing behavior are answered on a one through three scale, and the questions for positive behavior are on a one through five scale. Parent responses to the questions were summed and the totals were standardized within each wave. Higher scores in externalizing and internalizing behavior represent more problematic behavior, but a higher score on the positive behaviors measure represents less problematic behavior. Interestingly, The estimated coefficient on the male interaction with single-mother household in the equation for externalizing behavior is negative, -0.11, meaning that parents rate their boys as displaying less externalizing behavior following the transition. On the other hand, the coefficient on the female interaction term is positive, 0.16, meaning that parents report that girls act out more frequently following the transition. The externalizing behavior ratings for boys become much more favorable following the transition to a single-mother household, relative to girls, and the estimated gap in changes in externalizing behavior, from column 1, is -0.27 standard deviations. The result is also statistically significant, with a p-value of 0.02. Apparently, the change in household structure is not leading to more externalizing behavior for boys, according to the parent-rated measure, like we might have expected based on the additional investment losses. The estimated gaps in the other two measures are much smaller in magnitude, -0.007 for internalizing behavior and 0.11 for positive behavior. The estimated gap in externalizing behavior is surprising, but this gap should be estimated using measures that are not based on parent ratings in future work.
Conclusion
Determining the mechanisms that lead to gender gaps in non-cognitive skills is largely an open question [Bertrand and Pan, 2013 , Jacob, 2002 , Autor et al., 2016b . Gender gaps in non-cognitive skills among adolescents could arise for several reasons, including gender differences in returns to and levels of inputs in single-mother and two-parent households. Disentangling the contributions of mechanisms leading to non-cognitive differences is complicated by the presence of many inputs, most of which are correlated with household structure, and difficult to measure and interpret. Using time diary data from the Child Development Supplement to the PSID, I obtain direct measures of parental time investments and estimate gender differences in time investments around changes in household composition. Although both boys and girls see significant reductions in parental investments when living in single-mother homes, boys experience larger decreases in paternal investments of about 2.3 hours per week, more than 20 percent of the average paternal investment in the first wave of the CDS. The additional loss in paternal investments is strongest through weekday investments, 24 minutes per weekday, which explains about 80 percent of the total loss. There is no strong evidence that mothers compensate for the extra loss by increasing investments to boys following a change in household structure, relative to girls. Additional losses for boys are generally increasing with age, with the estimated gap in total paternal investments over 3.3 hours per week for boys during adolescence. This is especially important, because non-cognitive skills continue to develop through adolescence [Heckman and Mosso, 2014] . Differences in leisure activities account for about 60 percent of the gender gap in paternal investment losses.
Finding differential investment losses by gender suggests that living in a single-mother household could have a large negative impact on the quantity of investments that boys receive relative to girls. All of this evidence considered together with existing research suggests that time investments are another potential mechanism that may help explain the non-cognitive skill gender gap, specifically for those in single-mother households. However, using parent-reported ratings of externalizing and positive behavior from the CDS, I find that parents rate their girls as having higher levels of externalizing behavior and lower levels of positive behavior when in single-mother households, relative to boys. Future research should consider a more direct link between time in-vestments and outcomes, focusing on measures of non-cognitive skills that are not based on parent ratings.
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